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Abstract. We model the full-Stokes spectrum of the brown dwarf LSR 
J18353790+3259545 in the bands of the diatomic molecules CrH, TiO, and 
FeH in order to infer its magnetic properties. The models are then com¬ 
pared to the observational data obtained with the Low Resolution Imaging 
Spectrograph operated in the spectropolarimetric mode (LRISp) at Keck ob¬ 
servatory. Our preliminary analysis shows that the brown dwarf considered 
possesses a magnetic field of the order of 2 — 3 kG. 


Introduction 


Radio observations by [Berger ( 20021 ) and Berger ( 20061 ) revealed a number 
of brown dwarfs which show persistent radio emission and flares, providing 
an indication for their magnetic activity. Though several mechanisms can 
drive radio emission in the se objects, th e ele ctron cyclotron maser instability 


is the most likely one ( Hallinan e t al. 2008l l. For this mechanism to work a 


strong magnetic field of the order of 3 kG is required. 

In order to examine the magnetosphere of the radio pulsating 
brown dwarf LSR J18353790+3259545 (hereafter, LSR J1835), we em- 
ploy_our spectro polarimetric expertise developed for the CrH molecule 
( Kuzmvchov &; Berdvuginall2013l l. We calculate a synthetic full-Stokes spec¬ 
trum of the (0,0) vibrational band of the CrH molecule in the presence of a 
magnetic field, and we then compare it to the observational data. In addition 
to the lines from the (0,0) band of the CrH molecule, we include the TiO 
and FeH lines and the atomic lines that blend with the CrH (0,0) band. 

The full-Stokes spectrum of LSR J1835 was obtained with the Low Res¬ 
olution Imaging Spectrograph in the polarimetric mode (LRISp) at Keck ob¬ 
servatory in August 2012 at three different rotational phas es. The pr ocess of 
data a cquisition and data reduction is described briefly in iKuzmvchov et al.1 
( 20131 1 and it will be described in details in a forthcoming paper by Harring¬ 
ton et al. Only one rotational phase is analyzed here. 


2. Modeling the data 


We u se the code STOPRO (d escribed by ISolankil ( 19871 1: iFrutiger et al 


( 19991 1: iBerdvugina et all ( 200311 1 to perform the radiative transfer calcu¬ 
lations for the spectral lines of the diatomic molecules in the presence of a 
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magnetic field. Our line list includes about 500 lines from the (0,0) band 
of the CrH, 400 TiO lines, 40 lines from the (1,0) band of the FeH, and 
about 60 strong atomic lines, all lines falling into the wavelength region 
8600 — 8700 A. For our radia tive t ransfe r calc ulatio ns we used the BT-Settl 
atmospheric model grid bv lAllard &; Frevtaet ( 20ld ). 

Figure Q] shows the synthetic Stokes profiles calculated for different mag¬ 
netic field strengths. The inclination of the magnetic field is set to 112.5° 
and its azimuth to 67.5°. The atmospheric model used was calculated for 
T c q = 2500 K, log g = 5.0 and solar abundances of the chemical elements. 
An instrumental broadening of 3 A, which corresponds roughly to that of 
LRISp, and v sin i = 40 kms^ 1 were taken into account. 
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Figure 1.: Synthetic Stokes profiles I/I c (upper left), V/I c (upper right), 
Q/I c (lower left), and U/I c (lower right) calculated for different magnetic field 
strengths. 


While the intensity signal Stokes I/I c (upper left, Fig. [T]) does not vary 
much with the strength of a magnetic field, the polarimetric signals Stokes 
V/I c , Q/I c , and U/I c does vary a lot: From no signal in the absence of a 
magnetic field up to 2 percent at 6 kG. Furthermore, the polarimetric signals 
produced by the lines of the diatomic molecules considered show a unique 
asymmetric shape for a given magnetic held strength. This fact allows us an 
unambiguous estimation of the magne tic held strength when the models are 
compared to the observational data! Kuzmvchov fc Berdvuginal[2013i ). 
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Results 


We present an estimate of the magnetic field strength for LSR J1835 based 
on our preliminary analysis of the Stokes profiles observed at one rotational 
phase. 

Figure [2] shows a comparison of our model to the observational data. 
The model is calculated for the effective temperature T c ^ = 2500 K and 
surface gravity log g = 5.0. The strength and orientation of the magnetic field 
( B = 2.5 kG, inclination of B 112.5°, and azimuth of B 67.5°) were chosen 
to match the strength and shape of the polarimetric signal observed. The 
instrumental broadening of 3 A, which we derived from the data reduction 
procedure, and rotational velocity usini = 40 kms -1 ( Deshpande et ahll2012l ) 
were taken into account. 
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Figure 2.: Comparison of our model (red line) to the full Stokes spectrum of LSR 
J1835 (black line). 


Based on the analysis outlined, we preliminarily estimate the magnetic 
held strength of LSR J1835 to 2.5 kG. This value is in a good agreement with 
that ob tained from t he previous observations o f the radio pulsating brown 
dwarfs ( Bergerl [20061 : lHallinan et aJ1l200fjl . [20081) . 


4. Discussion 

We are going to explore the free parameter space of our models and, based 
on a x 2 minimization, constrain the value of the magnetic held strength 
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and provide its error. Moreover, we intend to fully analyze the delivered 
instrumental performance and account for instrumental errors. 

The large spikes in the polarimetric signals observed (cf. Fig. [2j Stokes 
Q/I c and U/I c ) can be attributed to non-shot-noise sources, such as cosmic 
ray hits. We are improving our data reduction pipeline, and we will be able 
to filter the noise sources more effectively in the future. 

An analysis of the three rotational phases will allow us to determine the 
orientation of the magnetic field in each phase and, thus, will allow us to 
track the magnetic region as the dwarf rotates. The results will be published 
in a forthcoming paper by Kuzmychov et al. 
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